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ABSTRACT

Socioeconomic status affects a
variety of mental and physical health
outcomes, such as language
development. Indeed, with poverty,
disparities in the development of
language processing are arguably
among the most consistently found—
with decreases in vocabulary,
phonological awareness, and syntax
at many different developmental
stages. In this review, after
considering basic brain systems
affected by low socioeconomic status
that are important for language
development and related peripartum
issues, we focus on two theoretical
models that link poverty with the
brain systems affected in language
problems. The family stress model
connects poverty with parental
emotional distress that affects
parenting, whereas the parental
investment model involves a focus on
basic needs that affects children’s
language. Understanding the
mechanisms through which poverty
affects the brain, parenting behaviors
and language development may have
implications for identification and
treatment of individuals as well as
social policy.

INTRODUCTION

Chronic, long-term poverty or low
socioeconomic status (SES) is
negatively associated with a variety
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of mental and physical adverse
health outcomes.! Disparities in the
development of language processing
are arguably among the most
consistent, including vocabulary,
phonological awareness, and syntax
at many different stages of
development,** along with memory
and cognitive control mental
functions.” In this review, we begin
with an examination of candidate
mechanisms by which low
socioeconomic status influences
brain development. Recent research
has demonstrated effects of poverty
on brain functions in language and
executive function areas in
particular. We also discuss possible
environmental and behavioral
mediators of the effects of low SES
on language development through
pregnancy, the perinatal period, and
parenting. Next, we focus on two
theoretical models that link poverty
and adverse language development
outcomes with consideration of
related underlying brain physiology.
First, we consider the family stress
model, which posits that economic
stress causes an increase in parental
emotional distress and results in
harsher, more authoritarian
parenting practices and fewer
opportunities for affection and
nurturing.” Second, we review the
family investment model, which
suggests that families in poverty, by



necessity, focus time on the
acquisition and assessment of basic
needs.® Finally, we conclude with
discussions of how these models are
helpful in understanding
contributions of family dynamics and
environment in the development of
language processing and may inform
the interpretation of research on
biological mechanisms of poverty
(Figure 1). Most likely, poverty has
adverse effects on language through
both effects on parenting and
increased stress, suggesting
opportunities for early detection and
treatment.

SES, BRAIN, AND LANGUAGE

There is good evidence that low
SES is a stressful condition
associated with deficits in brain
physiology in regions associated with
typical language development. One
early study® described perisylvian
deficits associated with low SES
among children identified as poor
readers. They found that children
with poor phonemic awareness skills,
despite higher SES backgrounds, had
increased perisylvian function during
a reading task. This was not the case
for children with both low SES and
low phonemic awareness. Moreover,
low SES has been positively
correlated with the degree to which
left (relative to right) inferior frontal
gyrus is activated during a language
task in young children, indicating
decreased specialization of language
function in the left hemisphere in
children with low SES." These
studies suggest that social, cognitive
and underlying neurobiological
influences on reading development
are fundamentally related.”'

Poverty is also associated with
deficits in the psychological
underpinnings of language learning,
which are keenly dependent on
executive functioning and memory—
both of which are vulnerable to
stress.*® Consistent with a high
stress level, low SES children have
higher levels of salivary cortisol,"
which may explain some of the
functional and structural findings'
brain areas that regulate stress
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FIGURE 1. Conceptual pathways linking the experience of low-socioeconomic status (SES)
during childhood with language-related physiology of the adult brain via either parenting
(upper) or chronic stress (lower). We postulate that auditory (perisylvian), visual word finding
areas (VWFA) and anterior inferior frontal cortex would be most affected by

parenting, while emotion processing in amygdala and hippocampus as well as connected
regulation of the prefrontal cortex (PFC) would be most affected by chronic stress.

Parenting and chronic stress interact with each other as well.

hormones including the hippocampus
(HC), amygdala (AG), and prefrontal
cortex (PFC),"”—all areas that are
also important for aspects of
executive function and memory. The
related measure of perceived stress
in adulthood has also been
associated with decreased HC grey
matter volume,™ and low SES is
associated with increased activity in
the AG"” suggesting a mechanism
where increased glucocorticoids, as a
result of the stress of poverty, leads
to decreased HC volume and
increased AG activity. This
dysregulation of stress response in
educational settings likely interferes
with the acquisition of language both
directly by distraction and through
adverse effects on executive function
development.'!” There is a current
controversy over whether specific
language impairments may result
from impairment to a “domain-
specific” system devoted to language
itself or from some more “domain-
general” system,' but this has not
yet been studied among low SES

children. However, one potential
hypothesis is that since attention is
subserved by the PFC," likely any
dysfunction in this region would also
interfere with the development of
language. Finally, adults with lower
subjective social status have reduced
grey matter volume in the executive
function regions of the perigenual
anterior cingulate cortex (ACC) area
of the medial PFC.** Thus, three
neuroanatomical areas, AG, HC and
PFC, work together to regulate
emotion, in what behaviorally is often
termed self-control, an integral part
of healthy language development,
and all are vulnerable to the effects
of low SES.** Critical developmental
windows of relative susceptibility to
SES-related effects on the brain are
likely important for language.

In a recent study on the long-term
effects of childhood SES, Gianaros et
al* found that parental education
was positively associated with
corticostriatal activation and
connectivity. During processing of
stimuli that signal monetary gains,
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and after controlling for own
education, lower parental education
predicted reduced activation in ACC
and dmPFC, plus reduced
connectivity between these cortical
regions and OFC and striatum—
established as reward and impulse-
control circuits. Important to
language, functional connections
were also reported with anterior
inferior frontal (IFG) areas within
the operculum and near the Broca's
area—regions well associated with
articulation and word analysis.*!
Thus, childhood poverty may be
associated with impaired
connectivity of language areas with
reward and impulse-control.*

Indeed, the association between
SES and language may be stronger
than for other neurocognitive
systems,*'” as it accounts for almost a
standard deviation of difference
between groups of high and low SES.
These magnitudes of language delay
can reach clinical significance, such
as language impairment (LI) and
speech impairment (SI). LI and SI
are often thought of as being more
genetic than environmental; however,
there is mounting evidence that SES
plays an important role in the
development of LI and SI. In one
study, children with LI had younger
mothers with both lower levels of
education and income*—factors that
influenced the growth rate of
vocabulary throughout childhood. In
fact, for every gain of $5,000 in
annual income, vocabulary scores
were raised by almost two points.
This effect appears to be
internationally consistent. In one
Chinese study,” SES explains five
percent of variance in child
vocabulary, a large effect that has
important implications for long-term
learning, education and potential for
learning.”

As further evidence of the
importance of LI to child
development, a long-term study of
children with SI and LI* identified in
early childhood found that LI was
related to the worst outcomes in
adulthood including academic
achievement. In this study, children

with LI and/or SI had significantly
lower SES and intelligence quotient
(IQ), which contributed unique
variance to specific aspects of
achievement. When controlling for
these factors, children with SI largely
remediated deficits by early
adulthood; however, children with LI
continued to show deficits in
memory and executive function at
age 19. In addition, children with LI
at age 5 had a 3- to 10-fold increased
likelihood of spelling, math, and
reading disabilities by age 19.* LI is
also associated with long-term
consequences for mental health,
including attention deficit
hyperactivity disorder (ADHD);
affective and anxiety disorders,
particularly social phobia and
generalized anxiety disorder;*
somatic complaints and
delinquency;* high school dropout
and adult low income;*” and suicide.*
LI is a profound problem for which
more research is required to
elucidate the biological and
environmental mechanisms at work,
especially among children born into
poverty where those risks are higher
due to inadequate nutrition, unstable
living conditions, and/or poor quality
medical care. For example, issues
such as chronic ear infections may
not be adequately managed and the
associated symptoms could diminish
concentration and interfere with the
child’s ability to effectively use
auditory processing to discriminate
speech sounds.

PREGNANCY, PRETERM BIRTH
AND THE PERINATAL PERIOD

Low SES environments may affect
language development through
pregnancy and the early postpartum.
Prematurity, defined as less than 37
weeks of gestation, is more common
in high poverty contexts®* and may
contribute to the development of
language delays through maternal
stress effects on the fetus.” Infants
born prematurely have lower birth
weights, a measure associated with a
range of brain differences compared
to full-term babies, which may help
explain language effects, such as
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decreased grey matter volumes and
levels of myelinated white matter.”
Indeed, brain volume differences are
associated with mental status as
early as two weeks postpartum.” A
large literature on fetal programming
has shown that low SES and
psychosocial stress adversely affects
fetal development.?* Finally,
maternal stress is related to lower
birth weight,* which is also
associated with developmental delays
in brain development associated with
language.

In accord, preterm infants show
delays in general cognition and both
receptive and expressive language.”
In one study,* preterm infants had
delays in both receptive and
expressive language at 26 months
(corrected age) of between 3 and 5
months. Language delays were also
correlated with both length of
hospital stay after birth (receptive)
and APGAR score (appearance,
pulse, grimace, activity, respiration)
at birth (expressive). Also, receptive
language was positively associated
with birth weight suggesting that
developmental stage at birth may be
an important factor in long-term
development of language.
Importantly, maternal behavioral
sensitivity was associated with better
receptive language skills suggesting a
buffering effect of the mother,
offering protection from
environmental factors.

Environmental risk and resilience
factors related to poverty are
important. Elevated risk levels can
be unexpectedly high anywhere
leading to perinatal stress and
adverse language development; and
resilience factors may suggest
effective interventions. In a
fascinating natural experiment,
Laplante et al* found that for infants
who were i1 utero during an ice
storm in Canada where families lived
without electricity for several days,
levels of prenatal maternal stress
during the storm were related to
communication development in the
infants at two years old. In a follow-
up study using a measure of the
degree of exposure to actual threat,



loss and change related to the event,
the researchers found that prenatal
stress was associated with child
lower IQ and vocabulary at age five.*
There is some evidence that as
children age, stress during pregnancy
has less of an effect on language
ability. In a large cohort study,
Whitehouse et al*! found that high
levels of stress in early pregnancy
had no effect on children’s language
at age 10 but stress during late
pregnancy lowered language ability
at a trend level. This research
highlights the importance of the
mother-infant relationship in
supporting child language—perhaps
especially in the face of psychosocial
stress.

PARENTING STYLE

Parent-child interactions have an
undeniable influence on developing
children at every socioeconomic
level. A parenting style that includes
parental warmth combined with high
expectations and clear rules and
routines moderates other negative
effects of poverty, and lack of
parental warmth may be implicated
in the development of language
problems. Parent warmth is
associated with numerous positive
outcomes in later childhood and
adulthood including better memory,*
higher achievement, language ability,
and income.*” When mother-infant
interactions are less positive,
however, receptive and expressive
language can be compromised.” In a
study of mother-infant dyadic
interactions, mothers with the
highest amount of negative control
strategies had children who used the
shortest sentences and fewest
grammatical word types and number
of different word roots.* Conversely,
maternal sensitivity and
communication with the child around
cognitive states (such as asking the
child “Is this hard for you?”) is
supportive of child executive
functioning and self-regulation,*
suggesting that this high-quality,
early parent-child interaction is
important for the development of
underlying skills necessary for

language development. Furthermore,
in a large study of mother-child
video-taped interactions, both
income and maternal education
predicted parenting quality for
children at one, two, and three years
of age, such that parents with higher
SES had higher sensitivity and
positive regard, showed more
evidence of teaching during a
teaching task, and were rated higher
on supportive presence and quality
of assistance on a complex puzzle
task.” Parenting quality then was a
function of SES and predicted
mental health development in each
age group.

Key brain structures and circuits
are emerging as plausible mediators
of the effects of low SES, peripartum
stress, and low quality parenting. For
example, adults who experienced
adverse parenting during childhood
have smaller hippocampus volumes
in adulthood.***" In one pioneering
neuroimaging study, it was found
that mothers who reported
experiencing higher maternal care in
their own childhood showed
increased gray-matter volumes in
frontal executive control brain
regions, and more brain activity in
response to baby-cry versus control
sound in executive control regions
and the hippocampus.* This suggests
a long-term impact of parenting on
brain structure and function in
regions that are related to SES-
effects and language.

Another important predictor of
parenting quality was maternal
reading frequency, suggesting that
parental literacy, independent of
education level, may mediate the
effects of SES in the development of
maternal-infant bonds. Intervention
studies have also found preliminary
evidence that stimulation, in the
form of visits focused on parent-child
interactions, can reduce mental
health problems in adolescence in
accord with the idea that the effects
of parenting style are truly long
lasting.* Also in accord, exposure to
parental corporal punishment in
childhood is associated with reduced
grey matter volume in medial PFC,

dorsolateral-PFC, and ACC.”

One related study of the United
States African American-Caucasian
achievement gap found that low SES
was related to degree of adolescent
autonomy, parental monitoring,
school orientation and warmth.”
Both a higher level of autonomy and
higher school orientation were
related to positive school outcomes,
overall suggesting that these parental
styles may moderate achievement.
There are putative brain circuits that
moderate the direct effects of harsh
parenting on the amygdala and
PFC.» This is supported by studies of
adults with adverse, early childhood
family environments that show high
AG reactivity during an emotion
labeling task, which were positively
correlated with high right
ventrolateral prefrontal cortex
(rvIPFC) activity. This can be
potentially interpreted as decreased
ability of rvIPFC to modulate AG
activation.

Poverty is thus associated with
lower parental quality as measured
by warmth, autonomy, and
monitoring through stressors that
center around food, job, and housing
insecurity.” Maternal stress has been
shown to be transmittable to children
and to negatively influence infants
and small children. In one study of
mother-infant dyads, high maternal
stress was associated with distress at
six months, as well as anger and
deficits in attention at five years
old.” In the Magill-Evans study,”
both mother-spouse and mother-
child relationships were influential in
language development. Low rating of
the spousal relationship and higher
rating of stress related to the child’s
distractibility both negatively
influenced children’s receptive
language, suggesting that multiple
sources of stress in the home
influence language and cognition.

LANGUAGE USE AND THE HOME
LITERACY ENVIRONMENT

Stress has varied effects beyond
the direct effects of the biological
mechanisms of stress on
development. Stress is also linked to
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communication and language
development.”** For example,
parental use of language and
evidence of reading as a leisure time
activity predicts cognitive and
language development. In Hoff’s
study of children in China,” SES was
predictive of five percent of language
development, but because SES was
related to maternal vocabulary,
maternal vocabulary completely
mediated the relation between SES
and language, underlining the
importance of parent literacy and
suggesting that families in poverty
where parents use complex and
varied language buffer their children
and support normative or advanced
language development in children.
Furthermore, Hart and Risley™
conducted a particularly influential
study on parental education and
word usage in the home. In their
study, total number of words spoken
in the home varied greatly between
families, and word usage was the
single strongest determinant of child
vocabulary growth. Most importantly
for the relation between poverty and
vocabulary growth, less educated
parents have been shown to be likely
to use fewer words, less complicated
syntax, and fewer references to
events not in the present when
communicating with their children.™
Low language complexity in lower
income homes was also a major
predictor of vocabulary growth in
children. This relation has been
repeatedly replicated in other
studies. Most recently, Huttenlocher®™
studied the role of caregiver speech
by videotaping 47 parent-child dyads
and examining speech patterns.
Language usage is a complex idea,
consisting of multiple aspects
including quality and diversity of
lexical utterances and constituent
and clausal diversity. Lexical
diversity is the number of different
word employed by both children and
caregivers. Constituent diversity
includes the inclusion of optional
words in a clause including
adjectives, adverbs, qualifiers, and
possessive. For example “pick up the
ball” differs from “Can you please

pick up your red, striped ball quickly
and bring it over to me?” in the
number of optional words used.
Finally clausal diversity is the use of
different ways of combining clauses,
including combining two clauses and
using modifying clauses. Parent
language usage remains relatively
constant over this time, with the
exception of greater clausal diversity
by parents as children age.”
However, children develop new
language exponentially between 14
and 46 months with a curvilinear
increase in both lexical and
constituent diversity and linear
increase in clausal diversity. By 14
months, there are remarkable
differences in the complexity and
variety of child language, and these
differences in language ability tend
to remain over time. At 26 months,
there are already significant
differences in both the number of
word types and the constituent
diversity, with the highest rung of
SES approximately double the initial
starting point of the lowest SES
children. Since these differences
remain relatively stable, this
achievement gap remains throughout
the first four years studied. For
clausal diversity, Huttenlocher®
found a linear increase in diversity
with SES. This may be in part
because initial clausal diversity in
any SES group is basically
nonexistent, suggesting that the
difference in clausal diversity found
at four years of age may remain over
time. Importantly, there is a high
degree of predictive value of
caregiver speech patterns to child
speech patterns in all three areas.
Variability in caregiver speech
partially mediated the relation
between SES and lexical diversity
and fully mediated the relation with
constituent diversity but did not
influence relation between SES and
clausal diversity. This suggests that
greater parent language usage and
diversity can influence language
development positively, regardless of
SES status. In fact, in children with
early brain injuries, parent language,
as measured by mean length of
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utterances, is related to a higher
vocabulary growth rate than in
typically developing children,™
underlining the importance of
parental language usage in mediating
the effects of early adversity.

Although many studies of parent-
child interactions focus on the
mother-child relationship, there is
evidence that father’s language usage
is also important in child language
development. In one study, fathers’
vocabulary was additive to mother
characteristics in predicting child
language development.”” Nonverbal
gestures are influential in the
development of language in early
childhood as well. In one study of
gesture and word types in parent-
child interactions, SES was related to
the number of gestures used by
parents and paternally mediated
vocabulary usage at school age.”

There is evidence that aspects of
the environmental stress of poverty
may negatively influence parental
language usage. In a reanalysis of the
Hart and Risley data, Evans et al”
studied the role of crowding within
the home on parental language.
Crowding in the home is a measure
of stress in that more people in the
home increases noise density and
minimizes opportunities for mental
quiet. SES was predictive of greater
crowding in the home and of less
language diversity; however, density
independently predicted less
diversity of language, controlling for
SES. Again, parental responsiveness,
controlling for SES, mediated that
role of crowding but SES remained a
significant predictor of language
density.

Parental style, which is an
important predictor of language
development in children, is also
important for understanding patterns
of word usage in the home. In the
Taylor study,” high guidance mothers
(mothers whose control strategies
focused on guiding the child to help
the child comply with directions) had
the longest mean length of utterance
and highest number of different word
roots, and this was, in turn,
associated with greater complexity in



child language development.

Parent language environment is
likely associated with the child’s
development of brain regions
associated with language reception
and expression; however, there are
no studies, to our knowledge,
directly addressing this association.
There is a recent study® that
suggests that in children with higher
parental language usage have better
novel rule learning skills (the ability
to learn a new rule related to a
previously learned rule) and use a
region of the PFC, the middle frontal
gyrus (MFG, an area associated with
rule learning), less, suggesting that
they need less activity in this region
during rule learning. The same
pattern was exhibited in relation to
SES. Comparing high and low SES
children, a higher income-to-needs
ratio was related to greater accuracy
in new rule learning and less use of
the MFG.*

One focus of intervention in
language development has been the
home literacy environment (HLE),
which has been characterized by a
number of researchers as influential
in the development of child
language.*% Birth to Three
programs that give families books at
pediatric visits and encourage
parents to read to children (e.g,.,
Reach Out and Read®) or that
encourage parent-child reading are
centered on the idea that language in
the home is one of the key areas
where social programs can influence
child language development. High
SES homes have rich home literacy
environments (HLE) and the reverse
is true for low SES homes. Parental
SES, parental reading, and language
behaviors are significantly associated
with the richness of the HLE, often
measured using the HOME (Home
Observation for the Measurement of
the Environment) inventory.* The
HOME inventory investigates
materials and practices in the home
related to literacy, including
emotional and verbal responsivity,
and includes acceptance of the child,
organization of the environment,
provision of appropriate play

materials, and maternal involvement
with the child under a variety of daily
situations.

Stable rich HLEs have the greatest
effect on kindergarten literacy
skills.® In fact, rich HLE in early
childhood that later decline are not
as protective as those that remain
rich over time. However, even
moderately rich HLEs are better than
impoverished environments for
language function measured at
kindergarten. These effects are long
lasting. HLE predicts language at
three years old, which predicts
language at 4.5, and, perhaps most
importantly, changes in the HLE
between three and 4.5 predict
language at 4.5 even after controlling
for current HLE.® In one study,®
early HLE influenced
kindergarteners’ vocabulary and
conceptual knowledge, which, in
turn, predicted printed word
recognition, a precursor to strong
reading. These kindergarten pre-
reading skills predicted reading skills
into the second grade. In another
study,” scores on the environmental
stimulation subscale of the HOME
predicted language ability in middle
school. The HLE is not only
important for language but is
important in the development of
cognitive skills that underlie the
development of language, such as
self-regulation.®

The role of mother-child
interactions is important in the HLE
too. In the Sarsour study,* maternal
depression was negatively associated
with change in the HLE, underlining
the importance of maternal mental
health in child development.
However, maternal education and
number of hours worked predicted
higher change in HLE, suggesting
that maternal education and financial
independence are important to the
development of HLE. Although there
is little evidence in human literature
of specific associations between an
enhanced HLE and the development
of certain brain regions, there is a
literature on the role of
environmental deprivation on the
brain development. Environment

deprivation is associated with deficits
in IQ and cognitive development,™ as
well as expressive and receptive
language.® In these natural
experiment studies, children reared
in large institutions and adopted or
brought into enhanced foster care
were examined to determine the role
of environmental deprivation in
cognitive and brain development.
Behaviorally, children placed in
enhanced foster care before age two
had good cognitive development and
1Q outcomes™ and improved
expressive and receptive language.®

In terms of brain functioning,
early socio-emotional, including
linguistic, deprivation is associated
with deficits in the white matter fiber
tract connecting the PFC to limbic
structures, the uncinate fasciculus.®
In these institutionalized groups,
there are also documented deficits in
the amygdala.” In a study using
electroencephalogram (EEG),
children who were institutionalized
had brain activity consistent with
younger children and those placed in
enhanced foster care, prior to age
two, showed similar brain patterns to
children that were never
institutionalized, suggesting that it is
possible to remediate even serious
social deprivation with early
intervention.” The brain deficits,
located in the PFC and temporal
regions, mediate the relationship
between institutional deprivation and
self-control, a precursor to strong
language skills.” Importantly
institutionalized children exhibit a
delay in the developmental shift in
early childhood from right to left
lateralization.” Considering the
importance of left frontal and
temporal regions in language
development, a delay in this
functional shift, may be very
important to the development of
language.

DISCUSSION

The literature reviewed suggests
six neuroanatomical regions as
central to the development of
language (Figure 1). The first three
are language areas specific to

[VOLUME 10, NUMBER 4, APRIL 2013] Innovationsin CLINICAL NEUROSCIENCE ﬂ



auditory processing, visual
processing, and word analysis and
articulation, namely the perisylvian
region of visual word form area
(VWFA), and the anterior inferior
frontal areas, respectively. We
postulate that these would be most
affected by environmental influences
such as parenting. In addition, areas
associated with emotional
processing, namely the amygdala and
hippocampus, as well as PFC regions
associated with cognitive control
over emotion are central to self-
regulation and its role in the
development of language ability and
may be especially vulnerable to the
effects of chronic stress.

Parenting styles that include
warmth, promotion of autonomy, and
encouragement are predictive of
strong language skills* and better
self-regulation,* while controlling
parenting strategies relate to the
opposite.” The ability to self-regulate
in a learning situation is related to
both SES and to parental language
through the PFC.%

Research implications. There
are several converging lines
connecting poverty to language
problems through stress, home
language use, home literacy
environment, and self-regulation, yet
many questions remain unanswered.
Although poverty is related to
language development through a
number of pathways, in many
studies, when controlling for other
factors, poverty is still predictive of
deviations from normative language
development. Among unanswered
questions is that if poverty has a
unique effect on language
development, what is the mechanism
through which poverty, controlling
for other factors, influences
language? One possible mechanism is
the direct effects of stress on
language development. Another
mechanism involves perinatal and
parenting factors (Figure 1). Studies
aimed at understanding the basic
mechanisms of the perinatal period
will help to understand the role of
maternal stress in brain development
supporting language.

The literature on environmental
deprivation has demonstrated delays
in left-right lateralization,
development of the PFC,™ increased
amygdala,” and white matter
disruption linking these regions.”
Taken together, these suggest a
neuroanatomical pathway for
decreased cognitive control,
necessary for the higher order
planning needed for language
development' and for understanding
content.™

Although a growing number of
studies have begun to explore the
neurohormonal basis of parenting
thoughts and actions in humans,” it
remains largely unknown how
socioeconomic factors, either
growing up in poverty or
experiencing poverty later in life as
an adult, affects the human parental
brain—that is, specific brain circuitry
that promote parental thoughts and
behaviors. Studies of this kind are
still necessary to understand the
risks associated with low SES and
brain areas involved in caregiving
motivation, which potentially
simultaneously regulate approach
and avoidance motivations to infant
cues and are tied to the regulation
stress response.”™™ These brain areas
and caregiving behaviors are perhaps
critical to creating the nurturing
environment necessary for normal
language development in early life.

A bright spot is that parental
language use, independent of SES; is
predictive of the development of
normative language. This is an
important area where there has been
limited previous research. Using the
HOME interview, several researchers
have found evidence that increases
in the HLE are predictive of better
language skills but studies that
directly link HLE enhancement to
neural function are lacking. It is an
open question whether there are
both language deficits and
perisylvian brain region deficits in
low SES and whether they still occur
after controlling for language ability
in adults.

Finally, we present a caveat in this
area of research given the focus on
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parenting and the home
environment. Children from low SES
backgrounds may have school
circumstances that contribute to
language development problems.
Such children often attend schools
that have high student-to-teacher
ratios, provide poor quality
instruction, and lack access to
academic resources (e.g., textbooks)
that foster language development.
Therefore, we acknowledge that the
school environment deserves
attention in models of language
development and SES effects.
Indeed, this may be an area of
fruitful research in which certain
improvements in school
environments may compensate for
SES-related problems.

Policy implications. For each
$5,000 in extra income annually,
vocabulary is raised an average of 2
points on a standard scale vocabulary
measurement.” Given that language
deficits last into early adulthood*
and language delays increase the risk
of long-term mental health
outcomes,” understanding the
underlying neural mechanisms
behind language delays in high
poverty contexts has important
public health implications.
Importantly the number of words
spoken in the home can increase
children’s vocabulary by 300 words at
age two.® This provides strong
evidence that intervention in
maternal-infant interactions, prior to
age two, will have long-lasting effects
on child language development and
consequently on long-term health
and welfare.
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